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Quantum Monte Carlo for electronic excitations of free-base porphyrin
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Accurate calculations of allowed and non-allowed transitions in porphyrin are reported. Using the
quantum Monte Carlo method in the diffusion Monte Carlo variant, the vertical transition between
the ground state singlet and the second excited state singlet as well as the adiabatic transition
between the ground state and the lowest triplet state have been computed for this 162-electron
system. The present theoretical results are compared to experiment and to results of other theoretical
methods. The diffusion Monte Carlo energy differences are found to be in excellent agreement with
experiment. ©2004 American Institute of Physic§DOI: 10.1063/1.1646356

The porphyrin molecule and its derivatives play an es+rial wave function was constructed as a product of a Slater
sential role in numerous biological processes including phodeterminant of Hartree-Fock orbitals and a correlation func-
tosynthesis and oxygen transport, and in emerging medicdlon dependent on interparticle distances for both singlet and
technologies—for example, anti-viral therapeutics. A de-triplet states. For the triplet excited state, the trial wave func-
tailed understanding of the excited states of these systemsti®n was a restricted-open shell Hartree FORIOHF) deter-
essential to elucidating key mechanisms such as oxygeminant. For the singlet excited state, we modified the ROHF
binding and transport, and electron transfer as they occur itriplet wave function by altering the spin occupation of the
biological systems. Despite numerous experimental @md highest occupied molecular orbitiHOMO), which con-
initio theoretical studies, the basic photophysics of porphyverted the ROHF triplet state,®B,,, into a singlet with the
rins is not completely understood. For example, recent thecsame spatial symmetry, namely'B,,. We then constructed
retical studies have proposed reinterpretations of the differthe proper spin-adapted two-determinant configuration.
ent features of the spectrum of free base porphyFBP, The initial geometry was obtained from Sekino and
CooNsH1s). Kobayasht* and was further refined using the B3LYP/DFT

The electronic spectrum of FBP is characterized by threenethod and a 6-311% basis sétusing theNwcHEM’ soft-
regions: the so-called Q band in the visible region which isware package. At the optimized geometry, a trial wave func-
relatively weak; the intense B band which occurs in the neation was constructed by calculating the HF determinant using
UV; and the higher UV bands, N, L and M, which are the cc-pVDZ basis sétA total of 938 contracted Gaussian-
broader and diffuse. Owing to the inherent sensitivity of thetype orbitals(GTOsg were used to construct this wave func-
excitation spectra of these systems to structural and chemic#bn.
changes, it is necessary to employ highly accurate methods The ground state singlet to second-excited singlet state
in order to make reliable theoretical predictions and to beexcitation energies from several theoretical methods as well
able to compare directly with experiment. Recently, theas experiment are listed in Table I. The DMC value agrees
quantum Monte CarldQMC) approach, which solves the with experiment to within statistical error bafise., 0.1 eV.
full 3N-dimensional Schroedinger equation directly, has beeThe MRSDCI results are also in good accord with experi-
applied to several large chemical systems. ment. Mercha et al. have suggested, however, that the latter

In the present study, the transition energy between theesults arise from a fortuitous cancellation of errors due to
ground state and lowest excited state of the Q band of FBEhe choice of active spaceSimilarly, Nooijen and Bartlett
was calculated using the DMC method for all electrons ofsuggest that there is no reason to expect the MRSDCI results
the molecule; effective core potentials were not introducedto be converged® Excited-state extensions of DFT, such as
A simple method for constructing excited-state trial wavetime-dependent DFT and DFT-MRCI show good agreement
functions has been followed, and its accuracy is compared twith experiment.
alternative approaches and to experiment. Results for the lowest triplet excitation energy are also

For the DMC approach used in this stutlg,variational listed in Table I. Nooijen and Bartlett suggest that the low-
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TABLE |. Excitation energiegeV) from the ground state to the'B,, and
13B,, states of FBP. Empty slots indicate the absence of data.
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TABLE II. Total energies for ground state FBP from differeait initio
methods(in a.u).

Vertical Vertical Adiabatic Method Energy
excitation excitation energy
ev) eVv) difference(eV) Hartree-Fock —983.3338, —983.430
Method 11B,, 1%B,, 13B,, RASSCF —-983.2138
ccsoT) —-986.688
cl1s 2.66 1.23 DMC —988.98%3)?
SAC-CP 2.25
CASPTZ 2.26 1.37 “This work.
TD_DFTd 2.39 bReference 14.
DET-MRCIE 238 ‘Reference 9.
MRSDCI 2.40 1.65
STEOM-CCST)? 2.40 1.20
DMC (This work) 2.458) 1.6010)%
Experimental results The present results confirm that DMC can be used to
Vapor phase 2.42 calculate excited state energies for porphyrin that agree to
Supersonic jet 2.46 within 0.1 eV of experiment—an accuracy not achieved pre-
Frozen solvent 1.58

viously by other computational methods. In addition, the
present all-electron total energies are lower in comparison to
previously reported CCSD) results'* implying the recov-

ery of more correlation energy. These results demonstrate the
capability of DMC to produce accurate excited-state energies
for large (biological and other molecules where chemical
accuracy is required.

aReference 15.

PReference 16.

‘Reference 9.

YReference 17.

*Reference 18.

'Reference 19.

911B,,: Ref. 14, 1°B,,: Ref. 10.
"Reference 12.
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results are found again to agree with the experimental exci-2Poratory under Contract No. W-7405-Eng-48. The calcu-
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To obtain a clear picture of the present findings, laserNational Energy Research Supercomputer Cef&RSQ
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